Two newborns at high risk for severe encephalopathy were passively cooled by discontinuing the supplied heat from a radiant warmer. Cooling was attempted in both babies (successfully in one) before the arrival of the neonatal transport team. Both infants had core temperatures of approximately 341C on arrival at the NICU. Passive cooling may be an effective method to initiate cooling very early in the course of encephalopathy.
Introduction
Hypothermia holds promise as a therapy for neonatal encephalopathy. [1] [2] [3] Because of the concern that efficacy diminishes as time from insult to cooling increases, clinical trials have mandated initiation of cooling by 6 h of age. Although appropriate for efficacy trials, these guidelines may not be possible in those clinical situations where active cooling devices are unavailable on short notice. This report details two newborns at high risk for encephalopathy that were allowed to cool passively until active cooling was available.
Case reports
The first patient was born vaginally at term following pitocin induction. The delivery was complicated by a tight nuchal cord and left shoulder dystocia. Apgar scores were 1, 3, and 4 at 1, 5 and 10 min after delivery. He was apneic, bradycardic and flaccid at birth. Resuscitation included positive pressure ventilation by mask and endotracheal tube, and chest compressions. Arterial blood gas at 20 min of age during bag/mask ventilation (FiO 2 1.0) was pH 6.95, PaCO 2 14 torr, PaO 2 540 torr and base deficit 27. The transport team consultant recommended decreasing the control point on the radiant warmer to 351C (Figure 1 ). The transport team arrived at 2 h of age. At that time, the patient's temperature had only decreased to 36.61C, and the radiant warmer was turned off. Two hours later, the baby's temperature had fallen to 341C, then to 33.41C on arrival at the tertiary care center (4.75 h of age).
Active cooling was initiated with a cooling blanket and continued for 72 h. His subsequent course was remarkable for (a) resolving left brachial plexus injury, (b) mildly abnormal electroencephalogram (EEG) with low amplitude and discontinuity at 24 h, (c) normal EEG at 8 days, and (d) subcutaneous fat necrosis over much of the back. He was discharged on the ninth day of life.
His subcutaneous fat necrosis resolved completely within 6 weeks of birth. At 6 months, Bayley testing showed MDI 104 and PDI 102. His neurologic exam was normal, and his neurologist felt he needed no further follow-up.
The second patient was born vaginally at term. Her fetal heart rate tracing showed diminished variability, then late decelerations. Rupture of membranes was 37 min before delivery. Apgar scores were 3, 4, and 4 at 1, 5 and 10 min after delivery. The cord blood gas was pH 6.76, PCO 2 116 and base deficit 18. She received positive pressure ventilation by mask, then endotracheal tube for resuscitation. Regular, spontaneous respirations were established at 35 min of age. At 30 min of age, the referring personnel were instructed to turn the radiant warmer off (Figure 1 ). The baby's temperature was 34.31C by 2 h of age.
Active cooling was begun with a cooling blanket on arrival at the receiving NICU, and continued for 3 days. Her subsequent course was notable for mildly abnormal EEGs on days 1 and 5, both showing decreased amplitude. She was discharged on day of life 11. Her follow-up condition is unknown.
Discussion
A requirement of hypothermia clinical research trials has been to initiate cooling within 6 h of birth. [1] [2] [3] [4] This time limit was determined from animal studies that noted decreased efficacy as time from insult to cooling increased, and is based on the onset of secondary energy failure. 5 Given that significant hypoxic-ischemic events may occur well before delivery, the potential therapeutic window in babies may be less, perhaps much less, than 6 h. For children born at referring hospitals, hypothermia can be started at one of three distinct times; as soon as criteria for acute encephalopathy are met (phase I), on arrival of the transport team (phase II), or on arrival at the receiving center (phase III). None of the trials to date have initiated cooling during phase I. Both the Eicher et al. study and the recently completed, as yet unpublished, TOBY trial allow cooling after assessment by the transport team (phase II). 1, 4 Eicher et al. 1 used cloth covered ice packs to actively cool patients. Outborn patients in the TOBY trial were allowed to cool passively by turning the radiant warmer off. 4 Neither the NICHD nor the CoolCap trial recommended cooling before arrival at the study center (i.e., phase III).
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The two patients in this report appear to be the first described who were cooled before arrival of the transport team (phase I). The first patient did not cool as quickly as the second, probably because the radiant warmer control point was kept at 351C until the arrival of the transport team at 2 h of age. Both patients cooled quickly after the radiant warmer was stopped, but the second did not cool to the target range until placed on a cooling blanket. It appears that passive cooling can be an early adjunct to therapeutic hypothermia, but that maintaining a target temperature requires active cooling.
Why would early, passive cooling be expected to work? Do babies with a depressed level of consciousness have a propensity for hypothermia? Explanation comes from three separate lines of evidence. First, Burnard and Cross 6 found that the temperature of asphyxiated newborns, defined as no respiratory effort for the first 3 min, decreased to approximately 34.51C within 2 h of birth. This was approximately 21C less than the temperature of nonasphyxiated babies. Second, Brü ck, 7 in a series of studies on thermoregulation in newborns, described a subset of babies born after 'difficult deliveries'. When unclothed at ambient, room temperature, these babies were unable to endogenously generate heat as well as babies that had no difficulty at birth. Third, babies given general anesthesia require active warming to maintain normal temperature. This is due, in part, to their inability to generate heat through nonshivering thermogenesis, a central process mediated through the anterior hypothalamus. 8 It is likely encephalopathy suppresses hypothalamic function in a similar manner. Hopefully, data from the TOBY trial will provide further information as to safety and efficacy of passive cooling. 4 If found to be safe, it will be easier to initiate cooling very soon after birth thus decreasing the lag between insult and treatment. Figure 1 Temperature during the first hours of life. Patient 1 had minimal cooling with merely decreasing the temperature setting on the radiant warmer. Both patients cooled to near optimal temperature (33-33.51C) quickly after discontinuing external heat.
